Abstract: Taking greening to the supply chain level (beyond partial, yet often used, reversed logistics) can be based on technological and operational initiatives in the sphere of design for recycling, disassembly, extended life cycles and future innovations and the related operations. The supply chain dimension is lacking in the most recent state-of-the-art contribution from Reinhardt on greening from a business point of view. In addressing that gap this paper aims to place greening technological and operations initiatives in a supply chain context. In two case studies of automotive companies greening attempts and approaches are assessed in terms of both supply chain practices and relations. It is found that the operations and technological practices in the supply chain are not yet fully developed to realize the strategic approach of greening. Suggestions for further management and research efforts are developed and the impact of greening technology and operations on supply chain relations and challenges are discussed.
Introduction
Environmental management is gaining increasing interest among researchers in supply chain management. Lamming and Hampson [1] , Handfield and Nichols [2] and Cooper et al. [3] mention greening (that is to lower the environmental impact of the business) as critical future avenues in this area. Managers are assigning increasing importance to environmental issues, see for example [4] for a case example of Xerox. Furthermore, Murphy et al. [5] found that 60.2% out of a group of managers surveyed considered environmental issues to be highly important and 82.2% of 133 respondents expected that the importance would further increase in the years to come. In that respect, Reinhardt [6] developed five methods for greening, from a business perspective in his book called Down to Earth. This represents a state-of-the-art approach to greening. Unfortunately, the book does not actively cover the supply chain dimension of greening initiatives. Carter and Ellram [7] , have also found that despite some early attempts and initial steps, a grounded theory or framework for greening is lacking today in the supply chain management literature. Blumberg [8] for example, has recently estimated that there is a significant and growing market for reversed logistics applications, at least in the USA centring around third parties performing greening operations for manufacturers and suppliers. This does not however, identify benefits for the supply chain as a whole.
The objective of this paper is to assess the relevance of greening approaches suggested by Reinhardt for operations and technology in the supply chain. It will attempt to go beyond reversed logistics (an area often studied, yet representing a segment of the supply chain only) to a supply chain wide level of study. Additionally, the impact of the greening initiatives on supply chain relations and elements such as product development, purchasing, marketing and decision making will be assessed. This paper introduces the Recap project and the Smart case as supply chain initiatives aimed at using technological initiatives to raise recycling rates and lower the environmental impact of the automotive industry in an operationally (economically) feasible basis. Based on the operations and technological initiatives such as information exchange, shared materials coding, design using mono-material and design for disassembly, reassembly and future innovations, the effort needed to green the supply chain can be lowered. Thus, relevant technological initiatives in the context of greening will be specified and, based upon the case studies, their operational feasibility of the green supply chain approaches under study will be assessed against the framework from Reinhardt. This should lead to further insights, along the lines presented, into making the green supply chain an operational reality, the relevance of which is further indicated by Klassen and Whybark [9] who called for further learning and knowledge generation, as well as further dissemination of practices in order to facilitate greening. Figure 1 presents the structure of this paper. The next Section will present the general setting in the automotive sector indicating that it is a sector with a multitude of operational and technological greening initiatives. The two cases will be introduced within that general setting. The basis for selecting these two companies was their farreaching and innovative attempts to green in the supply chain. In the third Section the state-of-the-art greening approaches from Reinhardt will be presented. Because the approaches lack operational details and specific supply chain elements literature from the logistics and supply chain area will also be introduced in order to include supply chain considerations into the assessment of greening approaches. Following the specification of the case study method used the case study findings will be presented. Case studies can than be evaluated, leading to an assessment of state-of-the-art greening approaches in the supply chain and their impact on operations and technology in the automotive sector. In short, down to earth is applied where the rubber meets the road. 
Greening in the automotive sector
The automotive sector has traditionally received a lot of attention in the context of greening from both regulators and consumers because of its pollution effects. Operational and technological initiatives can be found along three lines, the first being the recycling of end of life vehicles. BMW is one of the companies that has experimented with a nearly fully recyclable car. A second line is the use of alternative materials to lower car weight and increase ease of recycling and using alternative fuels. Examples are the use of plastics instead of metal and electricity instead of gas. This lowers emission rates directly and indirectly through lower car weight (plastics). A third (yet related) line is lowering fuel consumption of a car during its use to 1 litre per 30 kilometers. The third line is one considered for future legislation. What is innovative about the cases studied in this paper is that all three basic lines of initiatives are represented and that they are approached, from a business perspective, within a supply chain context. The cases will be introduced below.
In June 1998 the European Union conference of Ministers for Economic Affairs in Lisbon granted the Lillehammer Award for outstanding Eureka projects to the Recap project. Recap stands for Recycling Car Plastics and represents a seven year project aimed at developing concepts and applications for the recycling of plastics used in cars. Eureka is a European Union initiative for co-funding pan-European research and development projects in almost 30 countries, initiated by industry.
The Recap project was conducted by multiple players from three levels in the automotive supply chain, covering the entire sourcing to manufacturing cycle for plastics and including product design initiatives. The first level participating were plastic suppliers Enichem (Italy) and DSM (the Netherlands). The second level participating was a plastic manufacturer Reydel (France) (the client of plastic suppliers). Finally, the clients of plastic manufacturers, the car manufacturers, participated. FIAT Auto (Italy) and PSA Peugeot-Citroen (France), representing 40% of the combined Italian/French automotive market and almost 25% of the entire European market, participated. The partnership across the supply chain was important to the success of the project, given its objective to develop an integrated approach aimed at increasing the overall material recycling of plastic waste arising from the whole car life. This implies that there are multiple reversed flows and operating systems to deal with these flows. It was the aim of Recap to develop ecologically sound solutions and applications, the investment in which should not only be economically feasible but could even be revenue improving. The business reasoning in this case is that saving on natural resources and materials should be able to contribute to savings in purchasing and operating costs. In order to achieve this, both product design of plastic car parts and manufacturing techniques had to be reconsidered. This impacted on operations management methods and practices. Drivers of these initiatives are not only a proactive approach to preempting regulatory standards but also to meet expected customer demands in the final consumer market.
The Smart car is the new DaimlerChrysler two-seater car that was launched in the European market in 1998. The car (smaller than FIAT 500) is marketed as an innovative and trendy product (co-developed with Swatch, the Swiss watch maker). Part of its stated unique selling points is its environmental friendliness (greening as a marketing initiative, not a regulatory initiative!). The car is designed as a highly modular product, allowing, for example, modules to be changed to extend its life cycle/avoid early dismantling and landfilling. Also the car is a small, light city-car, lowering emission rates (weight) and overall congestion in urban areas (size). The car is recyclable, at levels above the regulatory standards. Even though the highly modular car design allows the rapid inclusion of new environmentally friendly technologies during its life cycle some compromises to its 'greenness' were made however. Initial plans for example, included a hybrid engine, instead of the traditional energy engine used now.
Business and supply chain approaches to greening from literature
Several years ago, Porter and van der Linde [10] reasoned in general terms that investments in greening can be resource saving, waste eliminating and productivity improving. As a result, green initiatives can lower not only the environmental impact of a business but also raise efficiency with a change of creating major competitive advantages in innovation and operations. In more popular terms we may refer to a CEO of a large European automotive company who recently stated: "Why should I make an effort to invest in greening if it does not generate any revenues?" The five ways to approach greening from a business perspective suggested by Reinhardt, listed at the top of Table 1 , represent the further and detailed development of this business approach to greening. Differentiating products implies using environmental friendliness in the market, for example by greening products to satisfy the demand for environmentally conscious products. According to Reinhardt this implies that the greening approach should be integrated with the overall position of the product, the company and other aspects of business strategy. The point being that it should not be an add-on characteristic; it is a strategic choice that has to managed consistently and accordingly. Furthermore, there should be customers willing to pay for the differentiated value proposition. Information about the green content should be available to those customers willing to pay and should be credible. Finally there should be barriers to imitation. Managing competitors uses a preemptive approach to regulation. The approach is to try change competitor's behaviour in a way that creates advantages for the first movers. Private or industry-led regulation is one of those approaches. According to Reinhardt this is especially viable when there are economies of scope available from these initiatives, when costs are distributed between companies (such as in a supply chain) making it relevant to jointly initiate cost saving programs.
Cost reducing initiatives can centre around lowering or avoiding material and energy consumption. Significant different ways of approaching the business may be a more important source of cost savings than incremental cost reductions in existing technologies at existing facilities, according to Reinhardt. Redefining markets and managing risk and uncertainty are longer-term approaches that can also combine various approaches simultaneously. Redefining markets for example, can combine product differentiation and manage competitors to create new market segments and competitive conditions. Managing risk and uncertainty for example, can combine managing competitors with cost savings in avoiding longer-term risks. It is reasoned that even though there may be easy hits in today's greening initiatives '10 Dollar bills lying around on the factory floor'), the longer term impact may be more important ('100 Dollar bills lying around the boardroom'). This however, requires more fundamental consideration of issues difficult to quantify directly in terms of revenues, such as longer term image improvement and avoiding future risks of pollution or regulation. This, we must say, places the statement from the European CEO into a different perspective; its focus is more on the quick, quantifiable hits rather than on the long-term benefits, which are more difficult to link directly to today's revenues.
Additionally, Reinhardt points to the need for a supply chain approach to greening as a business problem. Specifically, the economics of greening should be considered within the entire value system of which the companies activities are only a part [6, p.241] . Despite the stated relevance of a supply chain approach Reinhardt does little to specify that in the book. Only in the redefining markets chapter is further reference given to the supply chain. Here participation of suppliers and links with customers is pointed out. Poor are the examples provided of Xerox sending out a directive to suppliers requiring them to comply with Xerox environmental policies or companies asking for environmental ISO certification from potential suppliers, which really is just a prerequisite. The Xerox directive is a traditional approach to supplier relations, keeping them at arms-length rather than building supply chain relations with them in coordinating the supply chain.
Handfield et al. [11] did consider the supply chain dimension of environmental management in more detail. For starters, the supply chain was considered from product design to distribution (these layers of the supply chain are included in Table 1 ). Additionally, specific propositions and areas for further research into greening the supply chain were also generated, as listed in the first column of Table 1 .
Shareholder value relates to the fact that environmental management should ultimately contribute to the bottom line if it is to fit to business objectives, thus it simply reconfirms the need for a business approach to greening as central in Reinhardt. Walton et al. [12] , like Kopicki et al. [13] use a three phased model of greening approaches that starts with 'comply with the letter of the law' (reactive) and goes from 'clean up' to proactive. Klassen and Whybark [14] empirically confirmed a progression in approach and performance from reactive to proactive. Progressing through the three phases, companies are integrating environmental management into corporate strategic planning and into day-to-day processes of the organization. As companies adopt a resourceproductivity framework to maximize benefits attained from environmental programs. Walton et al. [15] state that companies, however, will only thrive on environmental management when they act in an integrated manner including customers, suppliers and other players in the supply chain. By explicitly developing a supply chain approach in the environmental management process, the impact on operations is leveraged throughout the chain expanding the playground for greening initiatives to a much wider arena. They detail how such an approach requires that cross-functional and cross-company processes are addressed, including product design, suppliers' processes, evaluation systems and logistics. Of course this approach requires a far-reaching effort of players in the supply chain and larger investments than those in reactive / 'end of pipeline' filters.
The regulatory climate is a second important consideration. Regulating bodies are increasingly focusing on environmental considerations and companies have to comply with them and that does not have to harm business objectives. Porter and van der Linde [16] and Carter and Ellram [17] explain how resource saving initiatives driven by regulation have generated cost savings in multiple industries. Some companies are proactively minimizing the threat of government regulation and future legislation by exceeding the required levels of environmental efforts in a sound business manner [18] . This relates to the next propositions, of strategic manufacturing initiatives, product design and customer expectations. Manufacturing initiatives such as lean manufacturing in the supply chain can lower waste and rework, while product design can avoid the use of certain material, allow for disassembly and recycling, while supporting ease of manufacturing and assembly. Customers may increasingly value environmentally sound products and companies, both in the consumer and business-to-business market. The responsibility for the environment finally, is to become a supply chain wide consideration with multiple players and functionalities contributing.
In further including the supply chain into the approaches to greening suggested by Reinhardt, we need to tap into literature from that area. A considerable stream of publications, going back as far as the 1970s [19] has developed conceptualizations and notions on environmental management in the supply chain and the logistics pipeline. We will review selected contributions here in order to generate further items for studying greening initiatives (in the cases).
Pohlen and Farris II [19] listed players in reversed logistics channels in order to specify the potential scope of the return pipeline. The list includes: the consumer, the industrial producer, municipal pickups, material recovery facilities, intermediate processors, brokers and end users. Channels contain almost any possible sequential combination of these players. They state that the volume, size, experience and proximity to end markets influence the structure and membership of the channel. Furthermore, sorting and transportation are important considerations. Sorting of parts and plastics is an important preparation for reuse and reselling of materials which can add significant costs through its labour-intensity. The recycled plastics hold a relatively low density, which negatively impacts on sensitivity to transportation costs. Whereas Pohlen and Farris II list potential players involved in a chain, Wu and Dunn [20] further detail the supply chain format in terms of functionalities offered by summing activities that could be performed within environmental management efforts (see Figure 2 ). What the conceptualization neglects, and has been added in the bottom section, is the involvement of specific players, as well as, the backward loop in the chain. When products are recycled or taken back goods travel back upstream in the chain. This backward loop reenters the supply chain at a certain level, this can be at the dealer level (reutilization of parts) but also further upstream in manufacturing (remanufacturing) or even the supplier level, as indicated by the arrows in the bottom of the Figure. As future initiatives Pohlen and Farris II [21] point to efforts to identify markets and specifically mention the role of communication between players in the channel, the examination of joint ventures and the role of government as subsidizer of projects. Furthermore, further efforts should, according to them, address the role of strategic alliances, the identification of costs and benefits (as also mentioned in [22] [23] [24] ) legislative direction, benchmarking and cross-channel analysis. In addition to which Gupta [25] lists a number of factors which contribute to environmentally consciousness: long-range planning horizons, planning for risk as well as compliance and social responsibility. According to Carter and Ellram [26] success in environmental management is also related to the application of incentive systems that reward employees for their involvement. All of these elements reconfirm much of the reasoning from Reinhardt in a supply chain setting on the one hand (regulation, costs and benefits) and detail them in a supply chain setting on the other (strategic alliances, joint ventures, communication between players etc.).
Carter and Ellram offered a recent literature overview in the supply chain and logistics area that, as mentioned in the Introduction, led to the conclusion that, despite some valid attempts and initial steps, many works still fail to develop a grounded theory or framework. As an attempt to add to the development of such a framework they point to the hierarchy in environmental management. The hierarchy starts with recycling and reuse and places resource reduction at the top level, as the initiative that has the greatest potential contribution to environmental objectives (see Figure 3) . Resource substitution, mentioned by Wu and Dunn [27] , could be added to this level. Table 2 presents the items generated in literature in four categories; organization, project drivers, initiatives taken in the project and strategy level used in the project. Following a description of the method used the case studies will be presented. The supply chain format developed and operating systems used, the consequences for product design and operations and the evaluation of results achieved will be detailed. 
Method
Both cases were studied over a period of several months. This involved desk research, interviews and discussions. Sources of information included company reports (confidential and public) press releases, company presentations, direct observations and interviews. Various levels of management and functional areas were interviewed (production, sourcing, marketing, logistics). Intermediate reports were shared with the companies in order to assure proper interpretation and representation of findings. Additionally, individual case findings were presented to academic and managerial audiences and discussed with them in order to strengthen discussion.
The case companies were selected because of their focus on greening in a supply chain setting and their efforts to take a fundamental look at environmental management from a business perspective. Both cases had already attracted significant attention because of that and were considered interesting (potential) frontrunners therefore.
Case studies
This Section will present case study findings, starting with the Recap project. Despite the negative environmental image of cars, about 75% of end of life vehicles (ELV's) are currently already recycled in Europe. The establishment of a metal scraps recovery industry for shredding and a dismantling industry that aims at the second hand use of parts has contributed largely to that achievement. Moving beyond 75% recycling however, requires far more effort than going through the first 75%, in terms of a larger resource commitment, supplier involvement and a redesign of operating processes and systems.
Non-metallic parts of automobiles, about 25% of weight in the average modern car, called automotive shredder residue (ASR) is largely landfilled today, as it has no commercial value. Today, Western Europe consumes about 26 million tons of plastics, of which no less than 7% (nearly 2 million tons) are used in car manufacturing. Plastics represent about one third of ASR, but plastics have increased from 2 to 10% of the car weight in the past 20 years. This trend is expected to increase over the years to come because plastics are less heavy than metals and have a lower energy consumption (100 kg of plastics can replace 220 to 300 kg of conventional materials). The Recap partners, therefore, formulated the far-reaching target of landfilling less than 5% of ELV's within the next 20 years. The remaining 5% of weight will consist of textiles, glass and some small elements and parts. The contribution of the Recap project to this target was to develop, pilot-test and evaluate operating systems in a new supply chain format that could enable the required advancements in plastic recycling. In particular the possibilities for large plastic parts (bumpers, dashboards, fuel tank elements and seat elements) were considered. The next Section will outline this recycling supply chain format.
In the Smart case, greening is used as a marketing edge and products are actively marketed based on their environmental impact in use and recyclable content (about 90% of the car). In this case a specific green supply chain structure was not developed. The green approach was included in the initial supply chain format from its conceptualization several years ago, through its recent implementation and its start last year. The flow of parts and returned goods follow standard flows, along the lines of the Recap project. The design and technology were developed specifically; these will be detailed in the following Sections. In fact the entire Smart car was earmarked as a strategic learning project within Mercedes (greening as a strategically relevant initiative!). Figure 4 displays the supply chain with the various options for recycling included in the Recap project, (at a relatively high level of aggregation). The materials used in the recycling process have three origins; the first is end of life cars, the second is material left over after repair of cars and the third is production scrap. The material is dismantled under the responsibility of the car manufacturer. Most often specialized companies perform these operations. Landfilling of plastics takes place after the dismantling of cars or directly, in case dismantling is not needed. As mentioned about 25% of the cars' weight is currently landfilled and the objective is to bring this down to 5%, partly by the use of newly developed supply chain operations, following the dismantling step. The first of these steps is the shredding of plastics into small pieces. This allows for efficient transportation to recycling operations (material is more compact and movable). Following shredding suppliers (re-)take ownership of the material (the horizontal line in Figure 4 displays the cross-company interfaces between manufacturer and supplier). Material is washed and further ground into very small pieces, alternatively a chemical separation process can be used to separate different types of raw materials (a test facility for chemical deposition was developed in Italy). Finally, the ready to use materials are reentered into a manufacturing processes through three routes.
Greening supply chains
Firstly, material can be recycled into the same product (recycling bumpers to bumpers etc.) by compounding recycled material with virgin material (through a melting and moulding process) into new parts. A certain amount of virgin material is used to assure quality and reliability of new parts. In the Recap test 80% virgin material was used. This route can be called a fully closed recycling system, in the sense that car plastics are recycled into car plastics. A partially closed recycling system is one in which materials are recycled into car materials that are not used for the same part but for one with lower material requirements. Plastic elements of fuel tanks, for example can be recycled into wheel shields which is safe because it has lower material requirements. In this route materials can be recycled without using virgin material. The third route is an open system in which materials are used in another industry for energy recovery or for example in the petrochemical raw industry, for producing new raw plastic materials. This supply chain model uses a life cycle approach not only because it considers the steps to take after the utilization of materials, but also because production is no longer perceived as a one-timeonly process but as a phase in the life of a material that can, after a utilization cycle, be re-entered.
The Smart car design is highly modular, resulting in specific supply chain systems. As a result of the modularity the car can be assembled in 4.5 hours (industry benchmark used to be about eight hours!) while being customized from standard modules. It also allows for disassembling cars and changing of modules during its life cycle; customers can have dealers adjust body panels/colours when their preferences change fairly cheaply. Customization and modularity are used here to extend the life cycle of the car, thus lowering abolishment of cars, and preparing for future improvements (such as the hybrid engine). The next Section will detail the use of technological initiatives to support greening on an operationally feasible/economical basis.
Using technology to green the supply chain in an operationally feasible manner
Two operational issues which were identified as hindering the implementation of the Recap supply chain format outlined in the previous Section can be introduced at this point. These are:
• the differentiation of plastics used between manufacturers, car-types of manufacturers and in time, making it difficult and expensive to develop a large flow of the various types of materials. The (chemical or technical) separation of many different types of materials with a different chemical structure adds costs and diseconomies of scale to the recycling process.
• Further costs are added by the paint used on products such as bumpers. The paint has to be removed adding an extra process step to the chain and creating paint that has to be landfilled.
Three parts of the Recap project were relevant for solving these operational issues:
• an information exchange initiative,
• product redesign and
• a product handling initiative.
Starting with the first, a database was developed to cope with the differentiation of plastics used. A common waste classification system plastics was developed and entered into the database. All waste generated at plants is entered into the PC network that covers 23 French factories (Peugeot and Citroen factories with over 80,000 employees) and 18 Italian factories (Fiat factories with over 65,000 employees). The information exchange allows for the monitoring of the composite available waste, planning of recycling operations and the development of a waste balance sheet. The device allows for a listing and classification of available materials based upon their composite and a categorization of materials in terms of chemical composite and potential applications in the recycling system. The balance sheet then (tested from 1992 to 1995) indicates the volumes and recycling routes used for each type of waste. The use of these reports indicates how companies in the Recap project indeed assume responsibility for environmental issues in developing an environmental audit mechanism and creating transparency for the general public and across companies in the industry.
The second initiative is the redesign of the chemical and composite structure of parts towards 'mono-materials'. The principle used is that dashboards contain two to three layers of plastics. Traditionally, different types of plastics were used, through a redesign however, it is possible to use mono-materials. Using the same type of basematerial/increasing homogeneity in a dashboard lowers recycling complexities in (or the need for) chemical dismantling raising efficiency of recycling operations.
Additionally, a third initiative is the design for disassembly which involves the rethinking of assembly operations of plastic parts to allow for more efficient dismantling of cars and saving on recycling costs. Traditionally, cars have been designed to allow for efficient and rapid assembly; introducing recycling requires a reversal of the thinking, focussing on disassembly. Over 40 dismantling procedures for FIAT and PSA models have been developed in pilot dismantling centres in Torino (Italy). As measures of the disassembly efficiency labour time spent was used. Tests indicated that the average dismantling rate for ELV's is about 2 kg of material per minute. The time used can be lowered through design for disassembly using the following design rules:
• reduce the number of crosslinked rubbers and non ferrous metals (in line with the mono-material principle), • reduce the number of connections and screws,
• if not avoidable allow for automatic disconnection or use smart connections such as snap-fit or connections without screws.
As an efficiency cut-off point 1 kg of waste should be disassembled per minute. The following Figures illustrate the nature of this analysis. Handling costs are determined by ease of disassembly and have to be traded off against cost savings from recycling or value of materials in relation to the price of virgin materials. Handling costs are 30$ per hour or 0.5$ per minute. Large parts can be disassembled (75 kg.) in 143 minutes meaning 0.52 kg/min (as mentioned above). At the going compensation price of 2$ per kg. this is feasible. A total of 13 kg. of smaller parts however, can be disassembled in 56 minutes which is 0.23 kg. per minute, a little under the break-even point. These plastics could thus further benefit from the design for disassembly.
These operational initiatives increase the efficiency of the recycling process but do not completely offset costs of new materials. This is due to the fact that diseconomies of scale remain given the low expected volume of operations generated by Recap automotive companies. Solving the bottleneck would require a broader industry involvement, to which we will return in a later Section. As an indication of the volume issues we can look at the plant analysis performed within the project. It was calculated that, using three shifts per day, 8,000 tons per year is a plant capacity that should allow for dismantling above the break-even point, based on an investment of 1.3 M ECU and a treatment cost of 240 ECU per ton (assuming a five year depreciation period). Working with two shifts would raise treatment costs to 310 ECU per ton. Including in the compounding costs of 150 to 250 ECU per ton in the calculation, savings can be generated for recycled polypropylene (PP) (168 ECU per ton) and for ABS-GF (Acrylonitrile-Butadiene-Styrene terpolymer, Glass fibres) reinforced (220 ECU per ton) and compared to virgin material. Polypropylene reinforced with talc dust (PP-TD) would be more expensive when recycled (85 ECU per ton). The available volume of material is too low today however, to initiate the investment.
As mentioned, and in addition to the above initiatives, Smart used product design and supply chain systems not only to customize the car but also to allow for continuous customization (reassembly) and raising environmental friendliness while creating a marketing edge. Parts can be changed in the distribution channel during the cars' life cycle, which improves customization and extends the life cycle (for a different colour and set of car features you do not have to buy a new car). Maintaining a single product platform and set of product interfaces also allows the inclusion of new product features (such as the hybrid engine) into the car, as opposed to waiting for the next generation car. Table 3 summarizes technological initiatives used, in the two cases, to make greening operationally and economically feasible. The next Section will evaluate the two cases and assess their contribution to the development of environmental management practices, using the framework developed within the value-seeking approach of environmental management. Figure 5 reintroduces the environmentally friendly supply chain and indicates which of the activities are covered in the case studies. The figure displays some of the weaknesses of the cases. In the Recap project some activities from the upstream stages are included, in particular the focus is on purchasing and materials management practices. Also the returns handling and parts management within the network developed is covered. This confirms the concern about the project raised in the Introduction; by excluding the transportation end of the chain the project has a partial and fragmented supply chain focus. The Smart case has been put into practice, but while its real-life performance remains to be experienced the players involved are the downstream players mostly. Thus, while Recap has an upstream bias in its efforts and a poorer downstream focus, Smart has a downstream focus. Before placing the cases within the Reinhardt approaches and assessing the impact of the greening technology and operations on the supply chain this Section will further detail the characteristics of the cases using items generated from literature and reintroduced in Table 4 . Table 4 Evaluation of case studies
Evaluating the cases
Starting at the top of Table 4 , as mentioned, parties involved in the project are limited to segments of the supply chain in both cases. In the Recap case the required redesign of the logistics system was only conceptualized, not tested in pilots (as were the disassembling and recycling initiatives). Related to that, the location analysis for operations was not conducted and transportation density of shipments was not fully assessed. The transportation segment of the supply chain can however be as relevant to environmental management as other segments. Just as an indication, Cooper et al. [28] for example, point to a number of initiatives that may be resource saving or replacing. Among those initiatives are the use of combined transportation; also they claim that 24 hour transport is less environmentally damaging as fuel consumption is more efficient with less congestion. The dismantled parts in the Recap case are very voluminous and disfavour transportation. They are however, shredded and selected close to the point of consumption. As a result, more concentrated and ready to recycle material can be transported over larger distances and recycling can be conducted on a continental level.
The selection and sorting of materials is favoured by the mono-material initiatives which decrease labour-intensity and raise size of the return flow of goods. The paint on bumpers represents a limitation as this has to be removed before recycling and thus can harm efficiencies of mono-material initiatives. Prior experience of players involved is low; the Recap project is a development project. In short, while the logistics characteristics favour a continent-wide application of the Recap-initiatives the product design (paint!) may deserve further work. Regarding the project nature (second section of Table 4 ), overall drivers reflect a proactive approach. Perceived profit opportunities and product quality after greening were considered, within a long-range planning approach. The long-range approach was needed given the limitations of short-term savings. Partnerships and cooperative efforts in the supply chain were actively developed (instead of joint ventures). Also third parties (suppliers in the case of Recap, distributors in the case of Smart) were actively involved in managing the environmental initiatives in the supply chain. The government was not a regulating body in the case of Recap but facilitated the project through Eureka funds. The future for legislative direction was not considered; the project was industry-focused only. The Recap common waste coding language was used to facilitate communication between players and costs and benefits were explicitly assessed. The auditing and performance measurement deserves further attention though. The project rather served the purpose of establishing a common terminology and avoiding the problem mentioned by Gupta [29] that greening means different things to professionals in various fields. Incentive and reward structures for employees were not developed either because the project was mainly a development and piloting project. If the project is to move beyond the pilot stage however, this will become a consideration. The measurement system does not fully allow for the development of such a structure just yet. The common waste coding language does allow for a cross-company evaluation of involvement and actions through the waste balance. It represents a partial performance evaluation system only. Furthermore, the project is limited to car plastics only. Perhaps a next step could be to search for related industries with comparable plastic products which might also raise size and volume of the flow of goods, further favouring the logistics characteristics of the project.
The Smart case displays characteristics similar to those of the Recap project, with some differences:
• the focus is on the downstream stages of the supply chain through parts adjustment in the distribution channel based on design for reassembly. The system as a whole, however, has not been actively tested in the market and its impact on customer preferences and behaviour (does it generate a marketing edge?) remains to be seen.
• The supply chain also focuses on the manufacturing and distribution/dealer stages of the chain only; suppliers are only involved through the selection/specification of materials by the manufacturer and the development of a product platform and interfaces by the manufacturer.
• Its distribution channel covers Europe but its outlets are limited to 109 dealers and the flow of parts and modules can only be accommodated within the existing product pipeline (factory to dealer and vice versa).
• The pro-active approach is explicit in this case through the focus on marketing the car as environmentally friendly and including it into continued customization initiatives.
The strategy level used in the greening includes resource reduction, in contrast to Recap which is limited to recycling and reuse, through the extension of the car's life cycle. Figure 6 introduces the triage of environmental issues from Walley and Whitehead [30] in order to position the waste coding, product redesign (and related operating) initiatives. As mentioned, these initiatives deserve expansion to allow the impact of technology and operations on greening in the supply chain to grow. Using the triage and the above evaluation of the project, the point could be put forward that, despite its proactive approach, both cases use operational and technical initiatives that are not yet fully integrated in a strategic context. In that respect, the next Section will place the cases within the Reinhardt approaches to greening and assess the impact on supply chain practices and relations.
Figure 6 A triage of environmental issues
Source: Walley and Whitehead [22] 9 Discussion of greening approaches Table 5 reintroduces the approaches to greening from Reinhardt. The Table indicates that the Recap project preempted regulation in an attempt to achieve a competitive leap forward generating first mover advantages. This fits the managing competitors approach. Economies of scope and distribution of costs are addressed mostly between upstream players in the supply chain whereas the economics underlying this approach are within the supply chain (see bottom section of Table 2 ). By taking a fresh look at technology and facilities (considering pilot plants etc.) cost savings were also targeted. The approach is very much on lowering costs of green operations to make them an economic feasibility. The combination of these two basic approaches fits the longer term approach of managing risk and uncertainty of future regulation and competition.
The Smart case differs from that. Firstly, greening is used as an element of product differentiation, together with customization. This is meant to be a preemptive competitive strike (indeed Ford for example is following no less than two years later with its Think project). This is not based upon cost savings but rather based upon creating new market segments with a new type of car and customer interaction (customization etc.) and greening operations downstream. Table 5 Characteristics of cases under study Table 4 , indicates how the business approaches to greening from Reinhardt are not yet fully placed in a supply chain context in the practice of these two cases. Nevertheless, the operations and technological initiatives do represent valid attempts. In that respect, Table 6 reintroduces the propositions from Handfield et al. [31] and lists specific contributions to those propositions from this paper. The shareholder value is serviced by addressing greening as a business problem, in particular by developing supply chain partnerships for leveraged know-how and synergies in environmental management across companies. In subsidizing the project the government took a role different from the traditional regulator's position in facilitating innovation that can set new standards preempting regulation. Strategic manufacturing initiatives and operations management was in particular addressed through the design for disassembly, reassembly and future innovations, as well as mono-materials initiatives. As mentioned, product redesign deserves further attention. Customer expectations in the supply chain were addressed in particular in developing cross-company partnerships. Also the endconsumers' expectations were important; product quality of recycled products is assured and the public nature of Eureka projects contributes to the green image in consumer markets of the players involved. While reward and performance measurement systems are not fully developed at this point, the creation of a waste balance does communicate to shareholders and employees the general importance of environmental management, as well as the consequences of their initiatives. This raises responsibility for the environment among the partners involved in the project and their employees. If the supply chain realization of greening is to be further targeted, the question remains what the specific impact on supply chain practices and relations are. The experiences from the case companies do provide a basis for developing the understanding in this area further. Table 7 specifies operations and technological practices under greening approaches, as well as the impact on supply chain relations as found in either one of the two cases (as indicated between bars). Starting with product and technology development, both cases jointly develop the technology and operations in a joint innovation effort. Each player contributes around his expertise in a co-design effort. Purchasing then changes in nature; instead of buying at arms length relations are developed. In both cases the operations are jointly owned and relations are extended in time and scope/content through the returned flow and the lifecycle approach. As a result, there is a commitment to the project and each other, rather than transactional buying considerations. In marketing (the downstream end of the supply chain) greenness can be used as a unique selling point. If that is done market and customer data can be shared throughout the supply chain with upstream suppliers in order to align the chain to the market, including environmental performance in the service proposition to the client. Given the long-term, innovative attempts within the supply chains of the cases decision making changes; ex ante evaluation is needed yet complex. Additionally, iterative learning processes are realized, between players, when going through the project. The results of the two cases hold a number of additional implications for technology and operations management in automotive and other (discrete) industries considering an extension of greening practices:
• First of all, material to be used should have a high enough value-density (value/m3) to allow for economically feasible dismantling and reprocessing, if the recycled material costs are to offset costs of virgin material. If material holds a low value recycled material's costs will be sensitive for handling the costs involved in the recycling or the reassembly process.
• Secondly, several recycling routes can be developed simultaneously, depending on material recycling requirements, assuming that minimal scale requirements are met by the supply of end of life products.
• To reach minimum output levels in disassembly operations large parts are most viable for recycling (measured as: kg disassembled per minute). Cars bumpers, dashboards and seats were considered most viable in the Recap project.
• The Recap project focussed on generic materials such as polypropylene. This allows for the cooperation of companies competing in the market for finished goods. The composition of the car and the design of the parts is differentiating among companies, but not the chemical structure of the material. This allowed for the development of shared coding and combined recycling, as opposed to dedicated recycling operations, further lowering the scale level of operations. Table 7 Greening practices and impact on supply chain relations
Supply chain area Operations and technology practices Nature of supply chain relations

Product and technology development
See 
Conclusions and implications
This paper has studied greening initiatives in two automotive cases. Placing the initiatives within the Reinhardt state-of-the-art greening approaches indicates that the cases differ in business drivers and approach (risk vs. market creation). In the case studies an active link with how these approaches translate into operations and technology, as well as impact on the supply chain is established. This contributes to further specifying the generic approaches from Reinhardt, as well as pointing to at areas for improvement within the case studies. These further improvements (including a wider supply chain focus) might result in a migration in Figure 6 towards the strategic segment and a full match with the Reinhardt approaches. Based on the operations and technological initiatives such as information exchange and shared materials coding, design using mono-material and design for disassembly, reassembly and future innovations, the effort needed to green the supply chain can be lowered. Figure 7 displays the example of results achievable with recycling (of course a certain share of landfilled material remains also in this system but this is a minority of the cars' weight). On top of technical feasibility, the chain format allows for operational costsavings in material costs, when compared to virgin material, which may further offset efforts to raise recycling. The Recap project was a unique project that is to date, however, only partially implemented. The chemical recycling process is under further development in Italy and the design rules are being implemented in the development of new cars by FIAT and PSA, but a recycling plant has not been established yet. The Smart car is out in the market and the actual success of its greening approaches will be visible soon. If these initiatives are further developed throughout the entire supply chain (not just a segment of it) based upon the practices presented and remaining gaps identified, the generic approaches from Reinhardt can be further realized, using operations and technology.
Hopefully we will soon be bringing greening fully down to earth, where the rubber meets the road, that is.
